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A STUDY OF THE RATE AND ECONOMY OF 
GAINS OF FATTENING STEERS 

WITH SPECIAL KEPEKENCK TO THE INFLUENCE OP 

thk amount and the character op feed consumed 

By H. W. MHMPOED, Chief in Animal Husbandby 
H. S. GRINDLEY, Chief in Animal Nctkitiok 
A. D. EMMETT, Assistant Chief in Animal Nutritkin 
SLEETER BI'IjL, Associate in Animal NctRitiox’ 

This bulletin is one of ii scries rcportinir the findings of an in- 
vestigation in regard to the effect of variations in the amount and 
ciifii'acter of feed consumed upon the nutrition of two-year-old steers. 
It gives the results relating to the effect upon the rate and economy of 
gains: (1) of variations in the amount of feed consumed ranging 
from maintenance to full feed rations; (2) of variations in the pro- 
portions of roughage and concentrates in the ration; and (3) of the 
substitution of a nitrogenous concentrate for a part of the grain of 
n ration of clover hay and ground com in the ratio of 1 to fi. 

THE EXPERIMENT 

The Aninuils . — The animals used were sixteen two-year' old high- 
grade Hereford steers grading as choice feeders and weighing from 
"b(l to 1.000 pounds. These animals were selected from the same herd 
and were similar in breeding. From birth to the time of purchase 
tiuy had been treated very much alike. During a period of about two 
months preliminary to the experiment, they were kept in paved lots 
" ith access to open sheds. During the experiment proper, which be- 
gan May 27, 1908, and ended February 10, 1909, a period of thirty- 
si'ven weeks, eight of the steers were kept in ordinary stalls on con- 
' i'cie floors, well bedded with pine shavings. The other eight steers 
" ot'e kept in digestion and metabolism stalls, and the digestibility of 
flioir rations was determined during the thirty-seven weeks of the ex- 
l'erimcnt.2 Each steer was weighed daily at 2 p. in. 

Rations and Feeds . — During the firet month of the period prelimi- 
'miy to the experiment the ration consisted of com silage, clover hay, 

‘The authors take pleasure in acknowledging their great indebtedness to Pro- 
vssors L. D. Hall and H. 0. Allison for their generous and helpful cooperation 
■'Oil assistance in the planning and conducting of this investigation. 

Til. Agr, Exp. Sta. Bui. 172. (19U). 
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imd alfalfa hay. At the heginninK of the second month ground coni 
was added to the I'ation, and the feeding of alfalfa was discontinued. 
Four days later the feeding of com silage was discontinued. Durinc 
the first twenty-two weeks of the experiment proper the ration con- 
sisted of clover hay and ground corn, and during the last fifteen weeks, 
of clover hay, ground com, and linseed oil meal. Half an ounee of 
salt, given daily, was taken very consistently by all of the steers 
Water also was giwn twice daily, and an exact record was kept of 
the amounts drunk. 

The .steers were fed twice daily, the rations for each feeding be- 
ing weighed out a week in advance. The refused feed, or “orts.” was 
enlleeted every day and the amount dedneted in computing the amoiuit 
of feed consumed. 

To determine the effect of variations in the amount of feed con- 
sumed, the sixteen steers were divided into four lots of four animals 
each, and each lot was given thruont the experiment an amount of 
feed different from that received by the other lots. One, wa.s given 
,inst enough feed to maintain the weights of the steel's about constant: 
another, as much as the .stoore would oat readily; another, an amount 
of feed equal to the maintenance ration plus one-third of the differ- 
ence between the maintenance and the full-feed rations; and another, 
an amount equal to the maintenance ration ]>1ub two-thirds of the 
difference between the maintenance and the full-feed rations. In this 
hullotin the first of the above-deseribed lots has been designated as the 
'‘maintonaneo” lot; the second, as the “full-feed” lot: the third, 
as the “one-third-feed” lot; and the fourth, as the “two-thirds-feod” 
lot. Beginning with the 31st week, two steers each from the mainte- 
nance, the one-third-, and the two-thirds-feed lots were gradually pnf 
on a full-feed ration and continued thus until the end of the experi- 
ment. The lots were as similar as possible in regard to age, condition, 
and breeding of the animals. However, there was some difference in 
the initial weights of the lots, as shown in Table 12. page 58fi. 

To determine the effect of variations in the proportions of rough 
age to concentrates in the ration upon the rate and efficiency of gains, 
and the effect of the introduction of linseed oil meal into the ration, 
the experiment was divided into five experimental periods. During 
the first experimental period the ration consisted of clover hay and 
ground corn in equal amounts; during the second, of one part of 
clover hay and three parts of ground corn ; during the third, of one 
part of clover hay and five parts of ground corn; and during the 
fourth and fifth, of one part of clover hay, four parts of ground corn, 
and one part of linseed oil meal. Thus the proportion of concentrates 
was gradually increased up to the third experimental period, and then 
maintained constant to the end of the experiment. These changes in 
the ration made fnom one experimental period to another were effected 
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yd'Y gradually in transitional periods. The first and third transi- 
tional periods were each two weeks in length; and the second and 
fourth, three weeks each in len^h. Table 1 gives the division of the 
e eperiment into periods and the proportion of roughage to concen- 
trates fed in each. 

T\Bi.E 1 .— Division of Experiment into Periods, and Batios of Hat, Corn, 
AND Linseed Meal in Rations 


Experimental | 

period 

Experimental 

weeks 

j Number of weeks ' 
j in period 1 

Ratio of hay to corn 
to linseed meal 

1 

1-5 

5 1 

1:1:0 

2 

8-13 

1 6 

1:3:0 

3 

17-22 

i * 

1:5:0 

1 

2.5-30 

6 1 

1:4:1 

5 

34-37 

1 4 i 

1:4:1 


As previously stated, the digestibility of the rations of two steers 
Ilf each lot was determined continuously for the thirty-seven weeks of 
the c.vperiment. A detailed description of the equipment, the meth- 
ods of weighing, sampling, and analyzing the feeds, and the collection, 
sampling, and analyzing of the refused feed and feces are given in 
Bulletin 172 of this station. 

AMOUNTS OP FEEDS CONSUMED 

The amounts of feeds consumed by each steer per period are given 
ill Table 2. The average amounts of feeds consumed daily by each 
steer are given in Table 3. The average weights of feeds consumed 
daily per lot arc given in Table 4. 

As previously noted, the refused feed, or orts, from the last feed- 
ing was cleaned out before each feeding and weighed. It was assumed 
that the feeds were present in the orts in the same proportions as in 
the ration. Accordingly, the amount of each feed refused was cal- 
culated from these data. Altho this is not strictly accurate, yet, in- 
asmuch as the amount of orts was usually small, only a slight error was 
thus introduced. The amount of each feed refused, subtracted from 
the amount of that feed offered, gave the amount of each feed actually 
consumed. 

MninUnance. Lot . — While it was planned originally to give the 
maintenance steers just enough feed to keep their weights practically 
constant, yet for various reasons this plan was not strictly followed 
and the animals of this lot made considerable gain during Periods 1, 
4, and 5, altho they were practically on a maintenance ration during 
Periods 2 and 3. During the first period of the experiment (weeks 
Uh), the ration consisted of 5.5 pounds of ground com and the same 
aniount of hay per day. The amount of com was increased gradually 
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while the hay was decreased during the first transitional period (weeks 
6-7), so that during the second experimental period (weeks 8-13) the 
steers received an average of 2.2 pounds of hay and 6.6 pounds of 
com per head per day. During the second transitional period (wrecks 
14^16) the amount of hay was reduced still further while the corn was 
increased, so that during the third experimental period (weeks 17-22) 
the steers received an average of 1.4 pounds of hay and 6.8 pounds 
of com per day per head. During the third transitional period (weeks 
23-24) old-process linseed meal was gradually substituted for an equal 
amount of corn in the ration. During the fourth experimental period 
(weeks 25-30) the steers consumed 1.4 pounds of hay, the same amount 
of linseed meal, and 5.4 pounds of com per head daily. In the fourth 
transitional period (weeks 31-33) Steers 653 and 650 were gradually 
placed upon a full-feed ration, so that during the fifth test period 
(weeks 34-37) they consumed 2.9 pounds of hay, the same amount of 
linseed meal, and 11.7 pounds of corn per head daily. Steers 6.56 
and 658 which were continued on maintenance consumed 1.3 pounds 
of hay, the same amount of linseed meal, and 5.3 pounds of corn 
during this period. 

One-Third-Feed Lot . — The steers of this lot were started on 7.9 
pounds of ground corn per day per head and the same amount of hay. 
During the first transitional period the hay was decreased and the 
corn increased, so that during the second experimental period they 
consumed an average of 3.7 pounds of hay and 11.2 pounds of corn 
per head daily. During the second transitional period the hay was 
decreased still further and the com was increased, so that during the 
third period the steers consumed an average of 2.2 pounds of hay and 

11.1 pounds of corn daily. In the third transitional period linseed 
meal was substituted for some of the com in the ration, so that dur- 
ing the fourth experimental period the steers consumed an average of 

2.1 pounds of hay, 8.5 pounds of com, and 2.1 pounds of linseed meal 
per head daily. In the fourth transitional period the rations of Steers 
667 and 666 were gradually increased to full feed, so that during 
Period 5 they consumed 3.2 pounds of hay, the same amount of lin- 
seed meal and 12.7 pounds of com per head daily. Steers 669 and 
662 consumed 2.2 pounds of hay, the same amount of linseed meal, 
and 8.7 pounds of corn in this period. 

Two-Thirds-Feed Lot . — The steers of this lot consumed an aver- 
age of 10.3 pounds of hay and the same amount of corn per head daily 
during the first experimental period. During the first transitional 
period the hay was decreased and the com increased, so that during 
the second experimental period the steers consumed an average of 5.o 
pounds of hay and 15.8 pounds of corn per head daily. During the 
second transitional period the proportion of com to hay was increased 
still further, so that during the third experimental period the steew 
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oousiimed an average of 3.1 pounds of hay and 15.5 pounds of corn 
j. [jead daily. As was the ease in the other lots, some of the com 
Ivss replaced by linseed meal during the third transitional period, so 
that during the fourth experimental period the steers consumed an 
average of 2.9 pounds of hay, 11.5 pounds of corn, and 2.9 pounds of 
linseed meal per head daily. During the fourth transitional period 
Steel'S 668 and 652 were gradually placed upon a full-feed ration, so 
that during Period 5, Steer 668 consumed 3.5 pounds of hay, 13.9 
pounds of com, and 3.5 pounds of linseed meal. Steer 652 went off 
feed and was removed at the end of the 34th week. Steers 665 and 
657 in this period consumed 3.0 pounds of hay, 12.1 pounds of com, 
and 3.0 pounds of linseed meal. 

Full-Feed Lot . — During the first experimental period the steers 
of the full-feed lot consumed an average of 12.1 pounds of hay and 
the same amount of com per head daily. As in the other lots, their 
hav was decreased and their corn was increased during the first transi- 
tional period, so that during the second experimental period they con- 
sumed an average of 6.4 pounds of hay and 19.4 pounds of com per 
head daily. During the second transitional period the proportion of 
hay in the ration was decreased, so that during the third experimental 
period the steers consumed an average of 3.5 pounds of hay and 17.6 
])ouiids of corn per head daily. It will be noted that not only less 
roughage but also less grain was consumed in Period 3 than in Period 
2. We are unable to explain why the steers did not eat more at this 
time, as they were given all the feed they would consume. The effect 
of this apparent slump in the appetites of the full-feed steers was 
transmitted to the one-third- and two-thirds-feed lots, as their rations 
were based upon the feed consumption of the maintenance and full- 
feed steers as already explained. Daring the third transitional period 
linseed meal was introduced into the ration and the amount of corn 
was decreased, so that during the fourth experimental period the steers 
consumed an average of 3.5 pounds of hay, 14.2 pounds of corn, and 
3.5 pounds of linseed meal per head daily. Steers 663 and 659 went 
off feed so badly that Steer 663 was removed at the end of the 30th 
week and Steer 659 at the end of the 33d week. 

As a matter of fact, the amounts and proportions of the feeds 
offered the full-feed lot were not far different from what would have 
been offered them in a practical feeding operation conducted under 
file same conditions, altho in most instances the consumption of con- 
centrates in the latter part of the fattening period would have been 
Ri’eater in practical feeding operations. 
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total dry substance consumed 

Inasmuch as all the feeds were analyzed chemically every week, 
data are available from which the consumption of total dry substance 
iiiav bo calculated. These results, calculated on the basis o^ 1000 
pounds live weight, are given in Table 5. An inspection of this table 
slions that altho there was considerable variation in the consumption 
of (In' substance by the steers of the same lot, yet the differences be- 
tween lots were much greater than the individual differences within 
the lots. 

It is of interest to compare the consumption of dry substance with 
the amounts prescribed by the WoUf-Lehmann feeding standard’ for 
maintenance and fattening of cattle. For maintenance, these feeding 
standards call for 18 pounds of dry substance per 1000 pounds live 
weight daily. The average consumption of dry substance by the four 
maintenance steers of this experiment varied from 8.0 pounds to 11.3 
pounds, or approximately from one-half to two-thirds of the amount 
prescribed by the standard. During Periods 2 and 3, when the steers 
wore practically on maintenance, the consumption of dry substance 
wa.s 8 to 9 pounds. 

The Wolff-Lehmann feeding standard recommends from 26 to 30 
pounds of dry substance for a 1000-pound fattening steer. The steers 
of the full-feed lot consumed on the average from 13.4 to 22.1 pounds 
of dry' substance, or approximately one-half to two-thirds of the 
amounts prescribed in the standards. From this it seems safe to con- 
olufle that the Wolff-Lehmann standards for dry substance are un- 
necessarily high in the cases of maintenance and fattening cattle. Of 
foui'se, if large amounts of less digestible feeds, such as the roughages, 
lire used they are more nearly correct, but even then they remain too 
high, 

Henry and MorrisoiU have recently published modifications of 
the AVolff-Lehmann standards for maintenance of cattle and for fat- 
tening of two-year-old steers. They recommend 13 to 21 pounds of 
dry substance for maintenance, as compared with the amounts used 
in this experiment, 8.0 to 11.3 pounds. For fattening two-year-old 
steers on full feed they recommend the following amounts of dry 
substance : 

PiTst 50-60 days 22.0-25.0 lbs. 

Second 50-60 days 21,0-24.0 lbs. 

Third 60-60 days 18.0-22.0 lbs. 

Comparing these values with those given in Table 5, it is seen that 
the steers in this experiment made good gains on considerably less dry 
substance t han prescribed by the Henry-Morrison standards. 

'Henpr and Morrison; Feeds and Feeding, l.Tth ed., (1915), page 667; or 
nil: Principles of Feeding Farm Animals, (1916), page 355. 

‘Feeds and Feeding, 15th ed., (1915), page 671. 



576 


Bulletin No. 197 


Average 

to ^ CO b« 
f-t CO 05 O IM 

Ifi CO o O 05 

r-l tH *-) rS 

Steer 

662 

00 CO o o » 

to o CO 00 <M 

CO o 05 05 

1-t i-i 0 

*> 
o 

Steer 

669 

hA 

lo 05 CO ui 'O * 

CO M tH O CO © 

r|I CO 1-4 O 05 ti 

r-l «-( r-1 f-l *7 0 

999 

jea^g 

Ph 

-?i» *-1 O M 

O <M O O 05 

LO CO r4 O CO* 

rH ri rH ri rH ^ 

Steer 

667 

t- d CO tC 00 

O 00 t-F d 05 

t£> CO O O CO : 

W rH 1 

Average 

2? 55 21 ‘o ^ 

CO CO o o> d 

rH 00 00 

1 

1 9 

© uo 
!*■ 

10.95 
8.71 
7.77 
7.62 
7.17 
id Lot 

Steer 

656 

1 

O 05 ^ 05 UO W 

CO O CO O CO 02 

M 05 CO 00 i> 'p 

^ .t 

ja 

H . 

Steer 

650 

© 

i-< O iri CO <0 is 

CO d CO O 'H' 

05 00 00 'h5 

rH I-H 

Steer 

653 

50 O 00 00 to 
«c> ‘o tq o 00 
r4 00 od lO 

r-l >—• 

s ° t 

H Pi 2 
® o'oJ 
o ® g 
2 o 2 
c3 -W 2 

O O O »-l iH 

rH CO lO ^ ^ 

ri ^ i-t f-H rH 

Weeks 

1-5 

8-13 

17-22 

25-30 

34-37 

Period 

iH d CO »0 

1 


O'! CO CVJ O 

iH <0 ® (M CO 

oi o o eo* 

d CJ rH r-( rl 


5fl rH U5 to « 
2 0> lA O rH CO 


to 00 d 


y5 00 O CO iH d I 


1 ^ O 05 00 tH 


O O O H tH 
T-t CO w "O’ 


te ^ m 

ja _ ,*a ®5 

4J tJ ^ 

CO O 02 

CO CO CO ?-• 


^ Q 

§ § 01 ^ 


^ 'd QJ 

iil^ 

S B S ® 

§ (U © ^ 

«PhM^ 



[inr 


Economy of Feeds foe Pattenino Steers 


S77 


From our results it seems safe to conclude that steers may be 
maintained or fattened with the ordinary rations of the corn-belt on 
a smaller allowance of dry substance than the amounts prescribed by 
the generally accepted feeding standards. 

digestible dry substance consumed 

As the coefficients of digestibility of the rations of two steers of 
each lot were determined for each period of the experiment, data are 
provided whereby one may calculate the consumption of digestible 
nutrients of each lot with a considerable degree of accuracy. The 
results given in Table 6 have been calculated on the assumption that 
the steers not in the digestion stalls digested their rations as com- 
pletely as their lot mates in the digestion stalls. 

The relation of the different lots with respect to the amounts of 
total dry substance and the amounts of digestible dry substance con- 
sumed is not the same, because of the fact that when a large propor- 
tion of the ration consisted of roughage, the coefficients of digestibility 
of the dry substance varied inversely with the amount of feed con- 
sumed.' 


DIGESTIBLE CRUDE PROTEIN CONSUMED 

The amounts of digestible crude protein consumed daily per 1000 
pounds live weight are shown in Table 7. In the ease of the mainte- 
nance lot, the amount of digestible protein in the ration varied from 
0.39 pound in Period 3 to 0.81 pound in Period 4. It should be noted 
particularly that in Periods 2 and 3, when these steers were actually 
on a maintenance ration (as indicated by the live weight), the aver- 
age consumption of digestible protein was 0.44 and 0.39 pound, re- 
spectively. It is also of interest to note that Steers 650 and 656, which 
were in the metabolism test, maintained positive weekly nitrogen bal- 
ances. As a matter of fact, in Period 2, Steer 650 retained 25.1 per- 
cent, and Steer 656 retained 25.0 percent of the nitrogen digested. In 
Period 3, Steer 650 retained 25.7 percent, and Steer 656 retained 28.5 
percent of the nitrogen digested. Such a retention indicates that less 
digestible protein would have been sufficient for maintenance. In 
Period 1, when Steers 650 and 656 were consuming 0.56 and 0.65 
pound of digestible protein, respectively, they retained 34.8 percent 
and 36.6 percent, respectively, of the nitrogen digested. Steer 650 
made an average daily gain of 1.6 pounds during this period, and 
Steer 656 made an average daily gain of 2.0 pounds. 

Armsby,'' after reviewing the available data upon the protein re- 
quire ments for maintenance, states: “It seems safe to estimate 0.6 

Til. Agr. Exp. sta. Bui. 172 (1914). 

T'. S. Dept, of Agr. Bur. of Anim. Indus. Bui. 143 (1912), page 94. 
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pound of crude protein or 0.5 pound of true protein per 1000 pound'! 
live weight as representing in a general way the minimum protein 
requirement of mature cattle with a probable range of 0.1 or 0.2 pound 
either way under varying conditions.” The fact that Steers 650 and 
656 of this experiment when consuming rations containing from 0.40 
and 0.65 pound of digestible protein stored from 25 to 37 percent of 
the digested nitrogen for a period of twenty-two weeks proves that 
under the conditions of this experiment cattle may be maintained on 
considerably less protein than the generally accepted standards. 

In the case of the one-third-feed lot the protein consumption va- 
ried from 0.54 pound in Period 3 to 0.99 pound in Period 4. The 
two-thirds-feed lot received from 0.65 pound in Period 3 to 1.18 pounds 
in Period 4, while the full-feed lot received from 0.72 pound in Period 
3 to 1.41 pounds in Period 4. It is of interest to compare the protein 
consumption of the steers in this experiment with the amount of pro- 
tein prascribed by the Wolff-Lehmann and the Henry-Morrison feed- 
ing standards. Such a comparison is shown in Table 8. 


Table 8. — Compakison op Protein Consuaiption with the WoLpr-LEnMANx 
AND HENET-MORRISON STANDARDS' 


Period 

One-third- 
feed lot 

Two-thirds- 
feed lot 1 

Full-feed 

lot 

Wolff-Leh- 

mann 

Henr}-* 

Morrison 

1 

0.79 

0.90 

1.03 



2 

0.69 

0.85 

0.89 

2.5 

2.0 -2.3 

3 

0.54 

0.65 

0.72 

3,0 

1.9 -2.3 

4 

0.99 

1.18 

1.41 

2.7 

1.8 -2.1 

5 1 

0.9.5’ 

1.1.S’ 

1.34 




'While the periods of this experiment do not correspond exactly with the 
periods given in these standards, yet the results arc comparable in a general way. 

'Average of Steers 669 and 602. 

'Average of Steers 665 nod 667. 

When one considers that the steers of the two-thirds-feed lot made 
an average daily gain of 1.8 pounds and the steers of the full-feed lot 
made an average daily gain of 2.1 pounds for a period of thirty-seven 
weeks, it seems safe to conclude that the above-mentioned standards 
for the protein requirements of fattening steers are unnecessarily high, 

NET ENEEGY CONSUMED 

Knowing the amounts of digestible protein, carbohydrates, and 
fats consumed, it was possible to calculate the consumption of net en- 
ergy, with at least a fair degree of accuracy, using the method of 
Kellner' and Amshy.^ For the sake of comparison, these results 

'The Scientific Feeding of Animals (1911), page 82, 

’Pa. Agr. Exp. Sta. Bui. 71 (1905), page 14, 
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^vere calculated to the amounts consumed daily per 1000 pounds live 
weight. Some difficulty was encountered in making these calculations. 
It is generally accepted that the energy requirement for maintenance 
varies, not directly with the weight of the animal, but with the sur- 
face or approximately with the two-thirds power of the live weight 
of the body. On the other hand, however, it has not been shown that 
the energy requirement above maintenance varies with the surface of 
the body. Consequently, the results have been calculated in two ways : 
Table 9 shows the results calculated upon the assumption that the 
eiierg)' requirements varied according to the surface of the body ; and 
Tabic 10 shows the results calculated upon the assumption that the 
energy requirements vaiy directly with the body weight. Inasmuch 
as at least half of the energy was used for maintenance, even in the 
full-feed lot, we feel that Table 9 is a better basis for a discussion of 
the energy consumption than Table 10. 

It is of interest to compare the energy required by these steers 
for maintenance with the findings of other investigatore. Armsby' 
has summarized the investigations upon the energy requirements for 
the maintenance of cattle. To his summary we have added the recent 
i'c,sults of Trowbridge, Moulton, and Haigh.* The summarized results 
are shown in Table 11. Comparing these results with the energy con- 
sumption of the four steers of the maintenance lot when they were 
actually on a maintenance ration (as indicated by the live weights), 
in Periods 2 and 3, it is seen that there is but little difference between 
the average requirements for the maintenance of thin cattle as re- 
ported by other investigators and the average requirement of these 
maintenance steers in Periods 2 and 3. In the former ease the average 
I'cquircment is 6.46 therms, while in the latter it is 6.62 therms, with 
individual variations ranging from 6.14 to 7.00 therms. It is of in- 
terest to note that in Period 4 the energy consumption of the mainte- 
nance steers was reduced to 6.41 therms, yet during this period they 
made an average daily gain of 0.85 pound. 

A study of the energy consumption of the steers in the other lots 
does not reveal anything of especial interest. 

'[T. S. Dept, of Agi. Bur. of Aiiini. Indus. Bui. 14.1 (1912), page 39. 

'Mo. Exp. Sta. Res. Bui. 18 (1915). 
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Table 11. — Summary of Investioations upon the Energy Requirements of 

Cattle 


(Results expressed in therms of net energy per 1000 pounds lire weight) 


Investigator 


No. 

No. of 

Net energy 


of animals 

ani- 

mals 

trials 

Maal-j 
mum 1 

Mini- 

mum 

1 Aver- 

1 age ! 

Remarks 

ArmsbyandFries 

Thin 

3 

7 

7.06 

4.86 

fi.n 

Respiration espithSS 

Kellner 

J J 

7 

7 

7.32 

5.31 

6.20 

Respiration eipermpM 

Armsby 

> J 

3 

10 

7.60 

6.62 ^ 

7.02 

Respiration experiment- 
fed roughage ' 

Armsby 

1 ) 

3 

3 

6.2(> 

4.88 

5.62 

Respiration experimeut- 
fed much grain 

Haecker 


3 

5 

6.45 

5.30 

5.71 

Live-weight esperimejt 

Eward 

) f 

3 

3 

7.85 

6.45 ! 

7.18 

Live-weight experimfnt 

Evvard 1 

) ) 

1 

1 



8.09 

Live-weight eYperimeut 

Trowbridge et al . 


10 

13 

7.84 

5.31 

6.55 

Live-weight experiment 

Trowbridge etal. 

Good 

7 

9 i 

8.68 

6.28 

7.42 

Live-weight experiment 

Trowbridge et al. 

Fat 

4 

5 

6.73 

6.05 

6.39 

Live-weight experiment 

Kellner 

Fat 

3 

3 

9.58 

7.75 

8,59 

Respiration expcrimeni 

Evvard 

Partly fat 

3 

3 

10.62 

8.15 1 

9.07 

Live-weight experiment 

Average 

Thin 

33 

49 



6.46 

Weighted 

Average , 

Good and fat 

17 

20 



7.59 

Weighted 

Average 

All 

50 

69 



6.78 

Weighted 


WEIGHTS AND GAINS 

The steers of each lot were weighed individually at 2 p. m, every 
day of the experiment. The weights of the steers at the beginning of 
each period and at the end of the experiment are given in Table 12, 
The initial weights of Period 1 and the final weights of Period 4 are 
the averages of the first seven days and the last seven days, respect- 
ively, of the experiment. The other weights are the averages of five 
daily weights — the last two days of the preceding transitional period 
and the first three days of the test period under consideration. 

The initial weights of the steers were quite variable, ranging from 
762 pounds for Steer 653 of the maintenance lot to 1010 pounds for 
Steer 657 of the two-thirds-feed lot. There w'as also considerable varia- 
tion between the averages of the different lots themselves, the main- 
tenance lot weighing 814 pounds; the one-third-fecd lot, 873 pounds; 
the two-thirds-feed lot, 897 pounds ; and the full-feed lot, 926 pounds. 
These variations in weight may have had some influence upon the re- 
sults of the experiment. 

The individual gains, the average gains per lot, and the total 
gains per lot, for each period and for the entire experiment are pre- 
sented in Table 13. The average daily gains are shown in Table 14. 

Altho it was the original intention to keep the weight of the main- 
tenance lot practically constant, yet considerable gain was made from 
the beginning to the end of the experiment. However, these steel’s 
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were practically on a maintenance ration during Periods 2 and 3. 
Beginning with the 31st week, Steers 653 and 650 of the maintenance 
lot, Steers 667 and 666 of the one-third-feed lot, and Steers 668 and 
652 of the two-thirds-feed lot were gradually put on a full-feed ration. 
Conseqnently, their gains for the last period of the experiment were 
as a rule much greater than those of their respective lot mates. 

Disregarding the maintenance lot for obvious reasons, it is seen 
that the rate of gain with the exception of Steer 667 decreased regu- 
larly from Period 1 to Period 4, when linseed meal was introduced 
into the ration. After the introduction of the linseed meal, the gains 
increased considerably but again decreased in Period 5. In this re- 
spect the steers behaved in accordance with the prevalent idea of 
practical feeders regarding the addition of a nitrogenous concentrate 
near the end of the fattening period. 

As might naturally be expected, the steers on the larger rations 
made greater gains than those on the small rations, the average daily 
gains for the various lots being as follows: maintenance lot, 0.70 
pound; one-third-feed lot, 1.32 pounds; two-thirds-feed lot, 1.79 
pounds; and full-feed lot, 2.13 pounds. It should be remembered, 
however, that Steers 653, 650, 667, 666, 668, and 652 were on full feed 
ill Period 5. A study of the data also shows that the individual daily 
gains of the steers of each lot for the entire experiment were quite 
uniform except in the case of the maintenance lot, in which two steers 
received considerably more feed than the others, as explained else- 
where. The data also show' that the gains in each period were de- 
pendent upon the amount of feed consumed, altho in a few cases the 
individual gains of one lot overlap those of another lot. 

Considering the length of the feeding period and the amounts of 
feeds consumed, the full-feed lot made especially good gains in spite 
of the fact that two of the steers were in the digestion stalls contin- 
uously during the experiment. Also, the two-thirds-feed lot made 
fairly good gains for a feeding period of this length, 259 day®. As a 
matter of fact, these steers made as good gains as the full-feed steers 
in Periods 1 and 3. The gains of the one-third-feed lot, of course, 
were smaller than one would expect in practical fattening. 

The question naturally arises as to what effect the digestion and 
metabolism experiment had upon the gains of the steers confined in 
the metabolism stalls. Steers 650 and 656 of the maintenance lot. 
Steers 666 and 669 of the one-third-feed lot. Steers 652 and 665 of 
the two-thirds-feed lot, and Steers 663 and 661 of the full-feed lot 
Were in the metabolism and digestion experiment continuously. Their 
gams were practically as good as those of their lot mates confined in 
ordinary stalls. Consequently, it seems safe to conclude that the 
metabolism and digestion steers were under normal conditions and 
were at most only slightly affected by that phase of the experiment. 



Table 12. — Weights qp Steers at Beginning and End op Each Period 
(K«8ulta expressed in pounds) 
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Table 13.— Total Gain by Each Steer per Period 
(Results expressed in pounds) 




Ratio of hay 

1 Maintenance Lot 

Period 

Weeks 

to com to 

Steer I 




Average 




linseed meal 

653 

650 

656 

658 

Total 

1 

1-5 

1:1:0 

69 

55 

69 1 

12 

51.2 

205 

0 

8-13 

1:3:0 

2 

-5 

3 

0 

0.0 

0 

3 

17-22 

1:5:0 

-5 

2 

4 

6 

1.7 

7 

4 

25-30 

1:4:1 

40 

35 

31 

38 

36.0 

144 

0 

34-37 

1:4:1 

81 

115 

22 

4 ; 

13.0' 

26* 

Total 

1-37 


229 

273 

125 

95 

180.5* 

722* 


One-Third-Feed Lot 





Steer 

Steer 

Steer 1 


Average 





667 

666 

669 1 

662 

Total 

1 

1-5 

1:1:0 

I 59 

88 

- 69 

75 

1 72.7 

291 

0 

8-13 

1:3:0 

1 81 

56 

55 

83 

68.7 

273 

3 

17-22 

1:5:0 

59 

23 

54 

63 

1 47.2 

189 

4 

25-30 

1:4:1 

91 

67 

63 

66 

69.2 

277 

5 

34-37 

1:4:1 

25 

59 

25 

i 

10.0* 

20* 

Total 

1-37 


! 359 

348 

319 

337 

340.7* 

1363* 


1 Two-Thirds-FeeO Lot 


1 


Steer 

Steer 

1 Steer 


Average 

Total 


i 


i 668 

652* 

665 

657 

t 

1-5 

1:1:0 

1 88 

106 

118 

90 

100.5 ■ 

402 

2 

8-13 

1:3:0 

I 72 

94 

66 

77 

77.2 

309 

3 

17-22 

1:5:0 

69 

63 

43 

73 

62.0 

248 

4 

25-30 

1:4:1 

129 

73 

79 

79 

90.0 

360 

5 

34-37 

1:4:1 

52 

11 

39 

45 

42.0* 

84* 

Total 

1-37 


467 

417 

462 

469 

453.7* 

1815* 


I Pull-Feed Lot 




Steer 

Steer 

Steer 


Average 

Total 




659* 

663> 

1 661 

664 

1 ! 

1-5 

1:1:0- 

106 

119 

89 

103 

104.2 

417 

2 

8-13 

1:3:0 

110 

90 

82 

101 

95,7 

383 

3 

17-22 

1:5:0 

69 

89 

38 

56 

63.0 

252 

4 

25-30 

1:4:1 

120 

76 

109 

107 

103.0 

412 

5 

34-37 

1:4:1 



56 

53 

54.5 

109 

Total 

1-37 


528 

447 

514 

543 

508.0 

2032 


^Removed at end of 33d week. 

^Removed at end of 30th week. 

^Removed at end of 34th week. 

■‘Two steers onl 7 j as Steers 653, 650, 667, 666, 668, and 652 were on full feed 
in Period 5. 

'Steers 653, 650, 667, 666, 668, and 652 were on full feed in Period 5. 
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T.4BLE 14. — Average Daily Gain by Each Steer per Period 
(Bosults eipresscd in pounds) 




Eatio of hay 


Maintenance Lot 


Period 

Weeks 

to corn to 

Steer 

steer 

Steer 

steer 




linseed meal 

653 

650 

656 

658 

Average 

1 

1-5 

1:1:0 

1.97 

1.57 1 

1.97 

0.34 

1.46 ~ 

2 

8-13 

1:3:0 

0.05 

-0.12 

0.07 

0.00 

0.00 

3 

17-22 

1:5:0 

-^.12 

0.05 

0.10 

0.14 

0.04 

4 

25-30 

1:4:1 

0.95 

0.83 

0.74 

0.90 

0.83 

5 

34-37 

1:4:1 

2.89 

4.11 

0.78 

0.14 

0.46‘ 

Total 

1-37 


0.88 1 

1.05 

0.48 

0.37 

0.70‘ 


One-Third-Feed Lot 





Steer 

Steer 

Steer 

Steer 

Average 




667 

666 

669 

662 

1 

1-5 

1:1:0 

1.69 

2.51 

1.97 

2.14 

2.08 

2 

8-13 

1:3:0 

1.93 

1.33 

1.31 

1.98 

1.64 

3 

17-22 

1:5:0 

1.40 

0.55 

1.29 

1.26 

1.12 

4 

25-30 

1:4:1 

2.17 

1.36 

1.50 

1.57 

1.65 

5 

34-37 

1:4:1 

0.89 

2.11 

0.89 

-0.18 

0.37‘ 

Total 

1-37 



1.39 

1.34 

1.23 

1.30 

1,32' 


Two-Thirds-Feed Lot 




Steer 

668 

Steer 

652* 

Steer 

665 

Steer 

657 

Average 

1 

1-5 

1:1:0 

2.51 

3.03 

3.37 

2.57 

2.87 

2 

8-13 

1:3:0 

1.71 

2.24 

1.57 

1.83 

1.84 

3 

17-22 

1:5:0 

1.64 

1.50 

1.02 

1.74 

1.48 

4 

25-30 

1:4:1 

3.07 

1.74 

1.88 

1.88 

2.14 

5 

34-37 

1:4:1 

1.86 

1.57 

1.39 

1.61 

1,50* 

Total 

1-37 


1.80 

1.75 

1.78 

1.81 

1.79’ 

1 

nll-Feed Lot 




Steer 

659' 

Steer 

663’ 

Steer 

661 

Steer 

664 

Average 

1 

1-5 

1:1:0 

3.03 

3.40 

2.54 

2.94 

2.98 

2 

8-13 

1:3:0 

2.62 

2.14 

1.95 

2.40 

2.28 

3 

17-22 

1:5:0 

1.64 

2.12 

0.90 

1.33 

1.50 

4 

25-30 

1:4:1 

2.86 

1.81 

2.60 

2.55 

2.45 

6 

34-37 

1:4:1 

... 


2,00 

1.89 

1.95 

Total 

1-37 


2.29 

2.13 

1.98 

2.10 

2.13 


'Beraoved at end of 33d week. 


“Eemoved at end of 30th -week. 

’Eemoved at end of 34th week. 

^Average of two steers as Steers 653, 650, 667, 666, 668, and 652 were on fuH 
feed in Period 5. 

‘Steers 653, 650, 667, 666, 668, and 652 wore on full feed in Period 5. 
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influence op amount op ration upon the economy 
OP GAINS 

The practical cattle feeder assumes that the larger the amount of 
t(od that fattening eattle eonsume, the more economical will be the 
gains. This assumption is based upon the fact that a certain amount 
of feed is required for maintenance under any condition. Conse- 
quently, the larger the proportion of feed above maintenance, the more 
there is above the maintenance requirement available for production, 
and for this reason the ration is assumed to be more economical. 

On the other hand, experiments at the Illinois, Missouri, .and other 
stations show that large rations arc not as completely digested as 
smaller ones, especially when there is a considerable amount of ci’ude 
fibor in the ration. Consequently, if one considers only the digesti- 
bility of the ration, one would expect the economy to be lessened a.s 
the ration is increased. Thus in studying the influence of the amount 
of ration upon economy, both of these factors, working in opposite 
directions, must be considered. 

In studying the economy of gains, there are several measures by 
which we may determine it. The practical feeder usually measures 
the economy of gains by the amount of feed consumed per pound of 
gain. This is not strictly accurate, owing to variations in the chem- 
ical composition of the feeds, especially in the water content. Pur- 
thermore, when several feeds are used, as in this experiment, such a 
largo amount of data is presented as to be confusing. The expression 
of the economy of the gains in terms of the consumption of dry sub- 
stance per pound of gain obviates both of the previous objections, but 
this alone is not entirely satisfactory, owing to the fact that the dry 
substance from some feeds is more digestible than that from others. 
To dispose of this difficulty the economy of the gains may be expressed 
also in terms of digestible dry sub.stance consumed per pound of gain. 
However, this is not altogether satisfactory, as the animal does not 
necessarily utilize the energy of feeds in direct proportion to the 
amount of digestible nutrients in the feeds. The use of the net energy 
consumed per pound of gain disposes of this objection. Theoretically, 
-at least, the net energy consumed per pound of gain is the most accu- 
rate measure of the economy of gains. However, the inaccuracies 
involved in the calculation of the net energy detract from its practical 
value, Por the purpose of this investigation, the amounts of feed, of 
total diy substance, of digestible diy substance, and of net energy 
consumed per pound of gain have been used as mea.sures of the econ- 
omy of the gains. 

The amounts of feeds consumed per pound of gain by the in- 
ilividnal steers are shown in Table 15. The amounts of feed consumed 
per pound of gain by the different lots are shown in Table 16, His- 



Table 16. — Feeds Consumed by Each Steer per Pound of Gain 

(Res ults expressed in pounds) 

Period I Weeks ^^o^corn Clover Ground Linseed Clover Ground Linseed Clover Ground Linseed Clover Ground Linseed 

I linseed meal meal hay com meal hay corn meal hay corn meal 
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cussion of these tables is omitted, since the discussion pertaining to 
the consumption of dry substance per pound of gain also applies to 
them. 

Dry Substance, Digestible Dry Substance, and Net Energy Con- 
sumed per Pound of Gain. — The total dry substance, the digestible 
dry substance, and the net energy consumed per pound of gain are 
shown in Tables 17, 18, and 19, respectively. Considering the data 
for the one-third-feed lot, the two-thirds-feed lot, and the full-feed 
lot during the different periods of the experiment, there is no evi- 
dence that one lot was any more efficient than another. Taking the 
entire thirty-seven weeks of the experiment into consideration, there 
seems to be no reason to conclude that the amount of feed consumed 
had any effect upon the economy of gains, as indicated by the amount 
of dry substance, digestible dry substance, and net energy consumed 
per pound of gain. 

It is of interest to note that Steers 653 and 650 of the maintenance 
lot made much more efficient gains in Period 5 when put upon full 
feed than the steers which had been receiving full-feed rations previous 
to Period 5. On the other hand, Steers 667 and 666 of the one-third- 
feed lot, and Steers 668 and 652 of the two-thirds-feed lot made no 
more economical gains when put upon a full-feed ration than the 
steers of the full-feed lot. 

INFLUENCE OP CHARACTER OF PEED UPON THE 
ECONOMY OF GAINS 

The fact that the steers were fed different proportions of corn 
and hay during the first three periods of the experiment and the fact 
that in Period 4 linseed meal was substituted for a part of the coni 
in the ration, provide data for studying the influence of a decrease in 
roughage together with an increase in concentrates upon the economy 
of gains, and also the effect of adding linseed meal to a ration high 
in concentrates and low in roughages. In this connection, however, it 
must be remembered that other factors such as the age and more es- 
pecially the condition of the animals may have had considerable effect 
upon the economy of gains in different periods. 

Influence of Change from Hay 1 Part and Corn 1 Part, to Hay 1 
Part and Corn 3 Parts. — In Period 1 the ration consisted of equal 
parts of clover hay and ground corn. In the transitional period after 
Period 1, the hay was decreased and the corn increased, so that in 
Period 2 the ration consisted of one part of hay and three parts of 
corn. From Table 5, page 576, it is seen that the total dry substance 
consumed daily was slightly reduced in Period 2, while the consump- 
tion of digestible dry substance was practically the same as shown in 
Table 6. Table 7 shows that there was a decrease in the amount of 
digestible crude protein consumed in Period 2, while Table 10 shows 
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a slight increase in the consumption in net energy. Thus these fig. 
ures reveal but little difference in the nutrients consumed in Periods 
1 and 2 except that there was less protein consumed in Period 2 than 
in Period 1. 

As shown in Table 14, page 588, the gains made in Period 2 
were much lower than those made in Period 1. Especially was this 
true in case of the two-thirds-fecd lot, which dropped from an average 
gain of 2.87 pounds to 1.84 pounds. The full-feed lot decreased from 
2.98 pounds per day to 2.28 pounds per day, while the one-third-feed 
lot decreased from 2.08 to 1.64 pounds. The decrease in the individual 
gains, with the exception of Steer 667, was just as marked as the de- 
crease in the average gains. 

A study of the individual data in Table 17, page 593, shows that 
the economy of gains as measured by the consumption of dry siih- 
stanee was decreased in Period 2 with but one exception — Steer 6C7. 
Table 18 shows that, with the exception just noted, the amount of 
digestible dry substance necessary to produce a pound of gain wa.s 
much greater in Period 2 than in Period 1. Table 1 9 shows that the 
economy as measured by the consumption of net energy per pound 
of gain was much decreased in Period 2. 

One would not expect such marked differences in the rate of gain 
and the economy of gains between Periods 1 and 2 as were shown by 
the steers in this experiment. Of course, it is a well known fact that 
the economy of gains decreases with the increasing age and condition 
of the animal. However, it would not seem that the few weeks differ- 
ence between Periods 1 and 2 would have such a marked effect. It 
is possible that the decrease in consumption of digestible crude pro- 
tein may have been responsible for the decrease in the rate and econ- 
omy of gains. However, the decrease in protein consumption was not 
great, varying from 0.03 pound to 0.21 pound per day. As a matter 
of fact, there was no correlation between the decrease in protein con- 
sumption and the decrease in efficiency among the individual steers. 
Consequently, we are unable to explain these results which seem con- 
trary to general opinion. 

Influence of Ckange from Hay 1 Part and Corn 3 Parts, to liny 
1 Part and Corn 5 Parts . — During the second transitional period the 
hay of the ration was gradually decreased and the com was increased, 
so that during Period 3 the ration consisted of hay 1 part and corn 
5 parts. 

There was a considerable reduction in the consumption of total 
dry substance in Period 3 owing to the reduction of the roughage and 
the increase of the concentrates of the ration. These data arc given 
in Table 5. The data of Table 6 show that there was a considerable 
reduction also in the amount of digestible dry substance consumed, 
altho there was not as great a difference between Periods 2 and 3 as 
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in the case of the total dry substance. The consumption of digestible 
crude protein in Period 3 was considerably lower than in Period 2, 
as is shown by the data in Table 7. As a matter of fact, the protein 
consumption of most of the steers was below, or no greater than, the 
ordinary standards for maintenance. Table 9, page 582, shows that 
the consumption of net energy in Period 3 was considerably lower 
than in Period 2. In general, the steers in Period 3 received less 
nutrients than in Period 2, the consumption of protein being espe- 
cially decreased. This was due to the slump in the appetites of the 
full-feed steers and the consequent reduction in the rations of the 
steers of the other lots. 

As one would naturally expect, there was a decrease in the rate 
of gains in Period 3, as shown in Table 14, page 588. This decrease 
was quite marked except in the eases of three steers, Nos. 669, 657, 
and 663. The decrease in rate of gains was greatest in case of the full- 
feed lot. In fact, the two-thirds-feed lot made as good gains in this 
period as the full-feed lot. In this connection it may be noted that 
there was little difference in the consumption of digestible protein and 
not energy between these two lots during this period. 

Referring to Table 17, page 593, it is seen that in general more 
total dry substance was required to produce a pound of gain in Period 
3 than in Period 2. However, Steers 669, 668, 657, and 663 were ex- 
ceptions, making slightly more economical gains in this than in the 
preceding period. Tabic 18, page 594, shows that the consumption 
of digestible dry substance per pound of gain was greater in Period 
3 than in Period 2. Furthermore, the exceptions noted above are not 
so noticeable in this case. By reference to Table 19, page 595, it is 
seen that the economy of the gains, as measured by the consumption 
of net energy per pound of gain, decreased in Period 3 in every in- 
stance except in case of Steer 663. In general, then, it seems safe to 
say that the efficiency of the ration was decreased in Period 3. This 
is what one would expect after comparing the feed consumption in 
Periods 2 and 3. Also the increased condition, especially of the full- 
feed steers, undoubtedly tended to decrease the rate and economy of 
gains. Furthermore, it seems probable that the small amount of pro- 
tein consumed in Period 3 may have adversely affected the rate and 
economy of gains. 

Influence of Change from Hay 1 Part and Corn 5 Parts, to Hay 
1 Part, Corn d Parts, and Linseed Meal 1 Part. — During the third 
transitional period the com of the ration was gradually reduced and 
old-process linseed meal was gradually introduced into the ration, so 
that during Period 4 the steers received a ration the same as in Period 
3 except that a part of the corn was replaced by linseed meal. There 
was little or no difference in the actual amounts of hay and of con- 
centrates eaten in Periods 3 and 4 (see Tables 3 and 4). However, 
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when the feed consumption is computed in tenns of 1000 pounds live 
weight, it is evident that there was a slight reduction in the amount 
of feed consumed in Period 4, especially in case of the two-thirds- and 
full-feed lots, owing to the increased weight of the animals (see Table 
5). The consumption of digestible dry substance per 1000 pounds 
live weight in Period 4 was nearly as great as in Period 3. Of course 
the digestible protein was increased considerably by the addition of 
linseed meal. In fact, the consumption of protein was almost doubled 
The consumption of net energy, as given in Table 9, was also slightly 
lower in Period 4 in most instances. In general, the consumption of 
nutrients per 1000 pounds live weight was practically the same in 
Periods 3 and 4, except in case of the protein, which was almost twice 
as great in Period 4 as in Period 3 (see Tables 6, 7, and 9). 

The average daily gains (Table 14) show that the introduction 
of linseed meal into the ration affected the rate of gains quite ma- 
terially. In ease of the one-third-feed lot and the two-thirds-feed lot, 
the gains of aU steers increased considerably after the introduction of 
linseed meal. In the full-feed lot, the gains of three steers increased 
while the gain of one steer (No. 663) decreased after the addition of 
linseed meal. In this connection it should be noted that Steer 663, 
whose gains decreased after the linseed meal was introduced into the 
ration, went off feed quite badly during this period and was removed 
from the experiment at the end of the 30th week. Also, the increases 
in the gains of the other steers of the full-feed lot after the introduc- 
tion of linseed meal were much greater than those of the two-thirds- 
feed lot. In fact, the increase in the gains of the full-feed lot after 
the introduction of the linseed meal was quite marked. In this con- 
nection it is well to state again that in Period 4 slightly less total dry 
substance, slightly less digestible dry substance, and slightly less net 
energy were consumed than in Period 3. However, almost twice as 
much protein was consumed in Period 4 as in Period 3. Apparently 
the addition of protein to the nutrients was responsible for the in- 
creased gains. Why the increase in gains should vary with the amount 
of feed consumed is not explained by these data. 

A study of Table 16 shows that in case of the one-third-feed lot, 
about 54 percent more feed was required to produce a pound of gain 
in Period 3, when no nitrogenous concentrate was fed, than in Period 
4, when linseed meal was substituted for an equal amount of corn. In 
the two-thirds-feed lot, 57 percent more feed was required to produce 
a pound of gain in the com period than in the com and linseed meal 
period. In the full-feed lot, 62 percent more feed was required to 
produce a pound of gain when corn was the sole concentrate than 
when linseed meal was also used. In this connection it should be re- 
membered that if the same ration had been fed in Periods 3 and 4, 
we should have expected that more feed would, be required in Period 



Economy op Feeds for Fattening Steers 599 

4 as the steers were older and more nearly finished in this period. 
However, before drawing any definite conclusions from these data, 
the data of the individual animals should be considered, especially 
in view of the small number of animals in each lot. It will simplify 
the study to speak in terms of dry substance per pound of gain rather 
than in terms of com, hay, and linseed meal per pound of gain. 

Table 17, page 593, shows the individual data pertaining to the 
amount of dry substance per pound of gain. These data are more 
easily studied if the amount required to produce a pound of gain in 
Period 3 is calculated in percent of the amount required to produce 
a pound of gain in Period 4. Assuming the amount consumed in 
Period 4 as 100 percent, the amounts consumed by the different steers 
in Period 3 were as shown in Table 20. 


Table 20. — Dry Substance Consumed per Pound op Gain in Period 3 Expressed 
IN Percent op the Amount Consumed per Pound op Gain in Period 4 


Steer 

No. 

One-third* 
feed lot 

Steer 

No. 

Two-thirds- 
feed lot 

Steer 

No. 

Full-feed 

lot 

667 

155.4 

668 

189.8 

659 

168.2 

666 

260.9 

652 

12.5.0 

663 ! 

92.9 

669 

. 123.4 ' 

665 

200.1 

661 

267.4 

663 

131.5 1 

1 657 

123.6 

664 

192.8 

Average 

167.8 

1 Average 

159.6 

1 Average 

180.3 


Considering the individual steers of the one-third-foed lot, it is 
found that the rations of all four steers were more efficient after the 
addition of the linseed meal. Consequently, it seems safe to conclude 
that the introduction of linseed meal into the ration of the onc-third- 
feod lot increased the efficiency thereof. 

Referring to the data concerning the steers of the two-thirds-feed 
lot, it is seen that the rations of all steers again were more efficient 
after the introduction of linseed meal. Taking this into consideration, 
it seems safe to conclude that the introduction of linseed meal into the 
ration of the two-thirds-feed lot materially increased the efficiency of 
the ration. 

Considering the steers of the full-feed lot, it is seen that the in- 
troduction of the linseed meal increased the efficiency of the ration to 
a marked degree in cases of Steers 659, 661, and 664. Steer 663 made 
leas economical gains after the introduction of the linseed meal. This 
" as doubtless due to the fact that this steer went off feed and scoured 
badly during the 28th, 29th, and 30th weeks of the experiment. In 
lact, at the end of the 30th week it was necessary to remove him from 
the e.xperiment and put him on another ration. Taking this into con- 
sideration, it seems safe to conclude that the introduction of linseed 
meal into the ration of the full-feed lot caused a marked increase in 
the economy of the ration. 
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Referring again to Table 18, page 594, showing the amount of 
digestible dry substance consumed per pound of gain, and to Table 
19, page 595, showing the amount of net energy consumed per pound 
of gain, it is seen that in the one-third-feed and two-thirds-feed lots 
all of the steers made more economical gains after the addition of lin- 
seed meal. In the ease of the full-feed lot, this was also true of Steers 
659, 661, and 664, but the gain of Steer 663 was less economical. How- 
ever, as previously noted, this steer was not in normal condition dur- 
ing this period. 

Prom these results, one concludes that the introduction of linseed 
meal into the ration caused the gains to be made more economically, 
as measured by the consumption of digestible dry substance and net 
energy. 


SUMMARY 

1. Sixteen two-ycar-old, choice feeder steers were divided into 
four lots of four steers each. One lot was given a ration slightly above 
maintenance; another, an amount of feed equal to the maintenance 
ration plus one-third of the difference between the maintenance and 
the full-feed rations; another, an amount equal to the maintenance 
ration plus two-thirds of the difference between the maintenance and 
the full-feed rations ; and another, as much feed as the steers would 
cat readily. 

2. The experiment lasted for thirty-seven weeks and was divided 
into five, test periods. The first period was five weeks in length, the 
second, third, and fourth were each six weeks in length, and the fifth 
was four weeks in length. 

3. The feeds used were clov(u‘ hay, ground corn, and linseed oil 
meal. The ration of the first test period consisted of clover hay and 
ground com in the ratio of 1 :1 ; that of the second, of clover hay and 
ground com in the ratio of 1 ; 3 ; that of the third, of clover hay and 
ground corn in the ratio of 1 : 5 ; and that of the fourth and fifth, of 
clover hay, ground corn, and limsccd oil meal in the ratio of 1:4:1. 

4. In Period 1, when the ration consisted of equal parts of clovei' 
hay and ground corn, the average daily gains of the different lots and 
the individual variations were as follows: 


Lot 

Average 

Variations 


m. 

lis. 

Maintenance 

1.40 

0.34-1.97 

One-third-fecd 

2.08 

1.69-2.51 

Two-tbirds-feed 

2.87 

2.51-3.37 

Full-feed 

2.98 

2.54-3.40 
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The consumption of dry substance, digestible dr\- substance, and 
II, I ( nci'fO' pf pound of gain liy the one-lhii-d-. two-thirds-, and full- 
iVi,,i lots was a.s follows; 


Lot 


n,i,‘-thir(l-fc'Oil . , 
TwO'thirJs-fwI. 

I'ull-i'eed 


Dry subf?taiiee 
Average i Variations 


Digestible dry 
siibstance 


Net. energy 


Average j Variations! Average ! Variations 


Ihs. 

Ihs. 1 

lbs. 

■ i6.s. 1 

therms 

therms 

6.81 

.>.3i3-8.17 ; 

4.36 

3.(i8-5,38 I 

4.12 

1 3.50-5.00 

6.25 

5.37-7.21 1 

3.99 

3.41-4.63 1 

3.76 

, 3.21-4.34 

7.33 

1 (5.02-8.71 1 

4.59 

3.82-5.40 ■ 

4.32 

! 3.61-5.06 


In Period 2, when the ration consisted of 1 part of clover hay 
to jiarts of ground corn, the average daily gains of the different lots 
anil the individual variations were as follows: 


Lot Average i Variations 


■ Ihs. ' Ihs. 

Maiiiteiiimee 0.00 -ii.li!-0.O7 

One-thiril-feoil 1.64 l.ai-l,9S 

Two-tWrils-feC'l ■ 1.84 l..')r-‘J.24 

I'lill-feeil ; 2.28 l.M-2.62 


The consumption of dry substance, digestible diy substance, and 
11(4 energy per pound of gain by the onc-third-, Iwo-lliirds-, and full- 
li’f'il lots was as follows; 


Lnt 

Dry substance 

Digestible dry 
substance 

Net 

energy 


Average 

Variations 

Average | Variations 

Average 

Variations 


m. 

m. 

•59 

_ 

therms 

thenn.^ 

Oiie-thii'd-feod . . 

7.95 

6.57-10.12 

5.71 1 4.73-7.20 

a.on 

4.88-7.45 


0.06 

7.78-11.85 

6.85 1 5.40-8.09 

7.05 

5.54-8.33 

I' iill-fpi-d 

9.86 

8,27-12.06 

6.36 i 5.3.1-7.24 

6..51 

.1.47-7.40 


6. In Period 3, when the ration consisted of 1 part of clover hay 
■iiiil 5 parts of ground corn, the daily gains of the different lots were 
as follows: 


Lot 

Average 

Variations 


Ihs. 

lbs. 



0.04 

-0.12-0.14 

third-feed. . , . 

1.12 

n..l;l-l,40 

[’lYo-thirds-fced 

1.48 

1.02-1.74 

f^’ull-feed . . 

1.50 ! 

O.90-2..12 
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Lot 

j Dry substance 

! Digestible dry 

1 substance 

Net 

energy 


: Average . Variations 

[ Average Variations 

i Average 

: Variations 


Iba. Iba, 

Jhs. lbs. 

therms 1 

1 therm 


9.5t> 9.17-10.04> 

6.96' j 6.73-7.29' | 

7,22* 

6.97-7.55' 


9.4U> 8.9o- 9.64* 

6.07* 6.48-6.86' j 

6.90‘ 

6.67-7.10* 

I'rti-tod i 

9.63 8.41-10.47 

6.60 : .5.9.1-7.23 i 

6.73 

6.10-7.48 


‘This average includes the data for two steers which were upon full feed from 
til.' to the 37th week inclusive. 


CONOLIJSIONS 

1. Two-year-old steers may be maintained on 8 to 9 pounds of 
dry substauee, 0.39 to 0.44 pound of digestible crude protein, and 6.5 
t(i 6.8 therms of net energy per 1000 pounds live weight. 

2. Fattening two-year-old steers may make satisfactory gaims 
o\cr a period of thirty-seven weeks on 14.3 to 22.1 pounds of dry 
substance, 0.72 to 1.44 pounds of digestible crude protein, and 11.9 
to 13.0 therms of net energy per 1000 pounds live weight. Pairl>- 
good gains may be made even on less amounts than these. 

3. The rate of gains of two-year-old steers depends upon the 
aiiioimt of feed consumed. However, the amount of feed consumed 
between one-third feed and full feed apparently has no effect upon 
the economy of gains as measured by the consumption of feed, of total 
dry substance, of digestible dry substance, and of net energy per 
pound of gain. 

4. When a I'atiou consisting of clover hay and ground corn in 
loiuiil parts is changed to a ration consisting of one part of clover hay 
and three parts of corn, the amounts of digestible dry substance and 
net energy remaining practically unchanged, but the protein being 
itdiiced 10 to 12 percent, tlie rate of gains and the economy of gains 
aic considerably decreased. 

5. When a ration consisting of one part of clover hay and three 
parts of ground corn is changed to one consisting of one part of elnver 
hay and five parts of ground corn, the digestible dry substance, di- 
gestible protein, and net energy also being slightly reduced, the I'atc 
and economy of gains are decreased. 

6. The substitution of one part of linseed meal for one part of 
(0111 in a ration of clover hay one part and ground corn five parts 
niatcrially increases the rate of gains and the economy of gains. 

1. Steers which have been kept on a Ioav plane of nutrition 
rtaaiiitenanee) for a considerable time make more economical gains 
'■hen put upon a full-feed ration than steers which have been upon 
ml feed for some time. However, steers receiving more than a main- 
tenance but less than a full-feed ration make no more economical gains 

'' 'en put upon full feed than steers which have already been on full 
feed. 
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8. Prom the results obtained in this investigation, it seems safi- 
to conclude that steers may be maintained or fattened with the ordi 
nary rations of the corn belt on less digestible dry matter, on loss di- 
gestible protein, and on less net energy than the amounts presoiibcd 
by the generally accepted feeding standards. 
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